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earlier detection of HCC. Use of the as from European patients with HCC or
Ser-249 p53 mutation should facilitate with cirrhosis.

further molecular epidemiologic stud-

ies on the development of HCC. [J Natl MATERIALS AND METHODS

Cancer Inst 2000;92:148-53] Subjects and Specimens

In sub-Saharan Africa and Asia, hepa- Incident cases of HCC and cirrhosis were identi-
tocellular carcinoma (HCC) is a majorfied from liver disease referral clinics at each of the
cause of cancer deam)_ The primary three tel_'tiary referra_l hospita_ls in The Gambia (i.e_.,
etiologic agents identified in these region\r{k{oyal Victoria Hospital, Medical Research Council

S . . L . Hospital, and Bansang Hospital). Samples from The
are chronic infection with hepatltls B vi- Gambia analyzed in this study were from subjects

rus (HBV) and dietary exposure to afla-sequentially recruited from September 1997 through
toxin B, (AFB,). Epidemiologic evidence June 1998 into an ongoing case—control study of

Pierre Hainaut, Ruggero Montesano and experimental evidence support the asiCC. We amplified DNA from 142 (92%) of 155

Background: A selective mutation, an

arginine-to-serine substitution in codon  ¢gjly (4-6).
249, of the p53 gene has been identified

as a “hotspot” mutation in hepatocellu-
lar carcinoma (HCC). This mutation
occurs in populations that are exposed
to aflatoxins and have a high preva-
lence of hepatitis B virus carriers. We
evaluated whether this mutation could
be detected in cell-free DNA isolated
from the plasma of subjects from The
Gambia to detect this mutation that is
strongly associated with HCC. Meth-
ods: Fifty-three patients with HCC, 13
patients with cirrhosis, and 53 control
subjects were prospectively recruited
from The Gambia. Sixty patients, of
non-African origin, with various liver
pathologies were also selected from
France. DNA was extracted and puri-
fied from 200-pL aliquots of plasma.
The Ser-249 p53 mutation was detected
by restriction endonuclease digestion of
polymerase chain reaction products
from exon 7 and was confirmed by di-
rect sequencing of the amplified DNA.
Results: The Ser-249 p53 mutation
was detected in plasma DNA from 19
(36%) of the 53 patients with HCC, two
(15%) of the 13 patients with cirrhosis,
and three (6%) of the 53 control sub-
jects. This mutation was not detected in
any plasma DNA from the European
patients. The adjusted odds ratio for
having the mutation was 16.4 (95%
confidence interval = 3.0-90.5) for pa-
tients with HCC compared with the
control subjects. Conclusion: The Ser-
249 p53 mutation in plasma DNA is
strongly associated with HCC in Gam-
bian patients. This mutation was also
detected at a much lower prevalence in
plasma DNA from Gambian patients
with cirrhosis and in Gambian control
subjects, findings that may lead to the
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sociation of HBV(2) and AFB (3) with subjects enrolled during this period; we could not
éalmplify DNA from 13 subjects. Evaluation of sub-

an increased risk of HCC and suggest th . o -
Jects included a clinical examination, ultrasonogra-

combined exposure may act Synerglsubhy, collection of biologic specimens, and a struc-

. ) tured interview.
Tumor-specific p53 mutations have Forinclusion in the study, a patient with HCC had

been identified in several human cancer® have compatible clinical and ultrasonographic
(7,8). A selective guanine-to-thymine findings and seruna-fetoprotein levels of 100 ng/

transversion mutation in codon 249 (AGGmL or more. Twenty-three patients with HCC, who
to AGT [transversion underlined] Ieaangwereinitially recruited into the study, were excluded

— . 4 tbecause their levels af-fetoprotein were less than
to an arginine-to-serine SUbStltUt'on) Ol100 ng/mL. Analyses performed with and without

the p53 gene (also known as TP53) hagclusion of these subjects were similar. The results
been identified as a “hotspot” mutationpresented include only patients who met the case
for HCC (9,10). Epidemiologic evidence definition of HCC, for a total of 119 study subjects
and experimental evidence have sug(~53 patients with HCC, 13 patients with cirrhosis,
gested that in HCC this mutation isgnd 53 control subjects). Patients with cirrhosis were

t | iated with t included as an additional referent group, in addition
strongly assoclated wi exposure 1q, healthy control subjects, to evaluate factors asso-
AFB, (6,7,11).

o ) ciated with the progression to HCC. The diagnosis
The Gambia in West Africa has aof cirrhosis was based on compatible clinical history
population with a high incidence of HCC, and ultrasonographic patterns characteristic of cir-
a high level of endemic, chronic HBV in- rhos_is, V\_/ithout any focal I_esiqns suggestive of HCC.
fection, and a high exposure to AEB F_T'I”O‘r_'ty of f?at'et’_‘ts "gth :'V‘Tr d;)geatse a'so,h;‘_d
. . istologic confirmation. Control subjects were indi-
Data.‘ from tjh.e Gan;]blan Natl(.)nall] Ca‘nceviduals with no history or clinical findings sugges-
Registry in 'Cate. that HCC is the MOStive of fiver disease, who were recruited from the
common cancer In ma_les and the seconglitpatient clinics of one of the three tertiary referral
most common cancer in femal€k2,13). hospitals. Control subjects were frequency matched
Ten percent to 20% of the Gambian poputo case patients with HCC by age (within 10-year
lation is chronically infected with HBV groupings), sex, and recruitment site. Local and in-
(14 15) Extensive analysis of individual ternational ethical and scientific review committees
bioﬁwarI.(ers of aflatoxin exposure in Theapproved the study protocol, and informed consent
Gambia has demonstrated ubiquitous di=
etary exposure, with more than 95% of Affiliations of authors:G. D. Kirk, International
the population having detectable levels ofgency for Research on Cancer, Banjul, The Gam-
aflatoxin—albumin adducts in their serumpia, and Lyon, France, and Viral Epidemiology
(6 11) Branch, Division of Cancer Epidemiology and Ge-

etics, National Cancer Institute, Bethesda, MD; A.-
Recent research has shown that DN'%L Camus-Randon, P. Hainaut, R. Montesano, In-
can be isolated from the plasma or serummational Agency for Research on Cancer, Banjul
of patients with cancer; this plasma DNAand Lyon; M. Mendy, Medical Research Council
carries the same genetic mutations asaboratories, Banjul; J. J. Goedert, Viral Epidemi-
DNA in the tumor. Thus, plasma DNA ology Branch, National Cancer Institute; P. Merle,

can be used as surrogate material to deteft Tr;qolov SN UL‘ifeﬁ'”' Lo, ¢ Béemt'
: . : ..~ Hepatology Unit, Necker Hospital, Paris, France.
genetic alterations present in the original Correspondence toRUggero Montesano, M.D..

tumor(lG__]'S)'WG have used this methOdPh.D., Unit of Mechanisms of Carcinogenesis, In-
to determine whether Ser-249 p53 Mutagmational Agency for Research on Cancer, 150
tions can be detected in plasma DNA isOeours Albert-Thomas, 69372 Lyon Cedex 08, France
lated from Gambian patients with HCC,(e-mail: montesano@iarc.fr).
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was obtained from each participant before inclusiorassembly, and the PCR in separate rooms and usiggstion. The presence of the uncleaved 158-bp frag-

in the study. barrier tips at all stages of the procedure. ment was clearly visible at ratios of mutant to wild-
To compare West African subjects with subjects type DNA of 1:64.
from areas with lower exposure to aflatoxin a”dMutation Detection by Restriction The 158-bp product, not cleaved between codon

HBV, we evaluated plasma and serum samples oh-= . 249 and codon 250, was excised from agarose gels
tained from 60 non-African patients from Europe ndonuclease AnaIySIS and further amplified with nested PCR primers P3
(Hotel Dieu Hospital [Lyon, France] and Necker and P4, as described above. The products of this
Hospital [Paris, France]). Subjects included 50 pa- PCR products (1QuL) were digested with re- second PCR were purified with QIA quick-spin col-
tients with HCC (21 associated with HBV, 17 with Striction endonucleaséiaelll (Boehringer Mann-  umns (Qiagen), and 0.25g of DNA (exon 7,
hepatitis C virus, seven with alcohol, and five withheim GmbH, Mannheim, Germany), according tocodons 225-260) was analyzed by automated DNA
unknown status) and 10 patients with cirrhosis (threéhe manufacturer’s instructions. This enzymesequencing (sequencer 377; The Perkin-Elmer
associated with HBV, four with hepatitis C virus, cleaves a GG/CC sequence between codon 249 a@rp.) with the use of the dRhodamine terminator
and seven with alcohol [some patients with morecodon 250 to generate two fragments of 92 bp andycle sequencing kit (Applied Biosystems, Foster
than one association]). The samples were sent to t## bp (plus several small fragments) from the 254¢ity, CA) (Fig. 1).

laboratory of the International Agency for Researctop product of the first PCR. The presence of a mu-

on Cancer (IARC) and were analyzed in the saméation in codon 249 or codon 250 results in an unStatistical Analysis

manner as the samples from The Gambia. cleaved 158-bp fragment. These fragments were

separated and identified on 3% agarose gel stained Frequency tables of independent variables and
with ethidium bromide (Fig. 1). The absence of theSer-249 p53 mutations, as a dichotomous variable,
254-bp band (full-length PCR products) provides avere evaluated for statistical significance by Pear-
control for complete digestion of the PCR productson’sx? test and Fisher's exact test. For the estima-
Restriction endonuclease assays included both pogien of the risk of mutations among the different

Blood specimens anticoagulated with EDTA weretive (DNA with a Ser-249 p53 mutation isolated groups in the study while adjustment was made for
processed immediately after collection and stored dtom a patient with liver cancer) and negative (wild-potential confounders (including age, sex, recruit-
—70°C at the Medical Research Council Laboratotype DNA) controls. All reactions were carried outment site, and hepatitis B surface antigen [HBsAg]
ries, The Gambia, until subsequent testingeto-  in duplicate. As a further control, five positive and status, a marker of chronic infection with HBV), a
protein and HBV serologic testing was performediive negative assays were selected at random andultivariable logistic regression analysis was per-
with standard laboratory kits. A 50@t aliquot of  submitted to a second, independent analysis, includermed to estimate odds ratios (ORs) and 95%
plasma was shipped on dry ice to IARC laboratoriesng DNA extracts, PCR, and restriction endonucleconfidence intervals (Cls). In a separate stratified
(Lyon, France) to test for the Ser-249 p53 mutationase digestion. Concordant results were obtained ianalysis, only data from patients with HCC were
DNA was extracted from 20Q.L of plasma with a  each case. evaluated by similar methods to examine factors as-
QiAmp tissue kit (Qiagen, Hilden, Germany). The  For the determination of the relative sensitivity ofsociated with Ser-249 p53 mutation-positive HCC
purified DNA was eluted from the QuiAmp silica this method to detect a mutation, a control DNAcompared with Ser-249 p53 mutation-negative
column with one volume (5@L) of nuclease-free sample containing a mutation at codon 249 was se4CC. All analyses were performed with STATA
water (Promega Corp., Madison, WI). rially diluted 1:2 up to 1:256 in wild-type DNA. version 5.0 (Stata Corporation, College Station, TX)

Ten microliters of DNA eluate was used to am-The mixture was amplified by PCR as describecand EPI-Info version 6.0 (Centers for Disease Con-
plify exon 7 of the p53 gene with primers located inabove and analyzed by restriction endonuclease dirol and Prevention, Atlanta, GA; and World Health
the introns flanking exon 7, as described by Lehman
et al. (19) The following primers (Genset, Paris,
France) were used: pl (sense),GI TGCCACAG-
GTCTCCCCAA-3; p2 (antisense), 'BAGGGGT-
CAGCGGCAAGCAGA-3. A 1 2 3 4 5 6 7 8 9 10 11 12

The 50uL reaction mixture contained 50 Ivh
KCI, 20 mM Tris—HCI (pH 8.4), 1.5 iyl MgCl,, all
four deoxynucleoside triphosphates (each at 0.
mM; Promega Corp.), 0.aAM of each primer, and
2.5 U of PlatinumragDNA polymerase (Life Tech-
nologies, Inc. [GIBCO BRL], Gaithersburg, MD).
After an incubation (94 °C for 2 minutes), 35 cycles B G‘TGGTGAGG,\TGGG@C CGGTTCA TGCCGCC
(94 °C for 30 seconds, 60 °C for 30 seconds, anfl 0 % 100 110
72 °C for 30 seconds) were performed and were fol-
lowed by a final 5-minute extension at 72°C in a
thermal cycler (gene Amp PCR system, 9600; Th
Perkin-Elmer Corp., Foster City, CA). The amplifi-
cation products (254 base pairs [bp]) were visualize
by staining with ethidium bromide after electropho-|
resis on 3% agarose gel.

In six samples, the polymerase chain reactio
(PCR) products were not clearly detected, and a sef
ond amplification reaction was performed with the|
following nested primers: p3 (sense);-AGGC-
GCACTGGCCTCCTT-3; p4 (antisense), 5 Fig. 1. Example of detection of plasma Ser-249 p53 mutation in patients with hepatocellular carcinoma
TGTGCAGGGTGGCAAGTGGC-3 This reaction (HCC) and control subjects from The Gamb#g. p53 exon 7 was amplified by polymerase chain reaction,
mixture contained fuL of the first PCR products, and mutations at codon 249 were identified by restriction endonuclease digestion (codon 249 contains a
and 25 cycles (as in the first PCR) were performedHadll site that is destroyed by mutation). The presence of an undigested, 158-base-pair (bp) fragment
The same nested PCR protocol was also used {arrowhead) is indicative of mutation. The 92-bp and 66-bp fragments are from the wild-type sequence.
generate enough material for DNA sequence analy-ane 1 = molecular weight marker¢anes 2—7= patients with HCCJjanes 8-11= control subjects; and
sis (see beloy All sets of PCRs included negative lane 12 = positive control.B) Automated DNA sequencing of p53 exon 7 corresponding to the HCC
control samples (containing no template DNA). Formaterial analyzed above in lane 6. The sequence of codon 2tlissed in the boxPeaks corresponding
avoidance of PCR contaminant artifacts, routine preto wild-type (C) or mutant (A) sequence at the first base of codon 24iesied. Only a portion of the
cautions included performing DNA extraction, PCRelectropherogram is shown.

DNA Extraction and Polymerase
Chain Reaction
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Organization, Geneva, Switzerland). Al values group, there was no statistically signifi-tion was of borderline statistical signifi-
are two-sided. cant difference in mutation prevalence byance P = .053).

age, recruitment site, or HBsAg status.

However, females were statistically sig-DiscussioN

The characteristics of the 179 subjectgificantly more likely to have the Ser-249
evaluated from The Gambia and Europ®53 mutation than males among both pa- e report the presence of Ser-249 p53
are shown in Table 1. The age and sefients with HCC P = .012) and control mutations in DNA isolated from the
distributions of Gambian patients withsubjectsP = .029). No Ser-249 p53 mu- plasma of individuals from a West Afri-
HCC and Gambian control subjects werdation was observed in 60 sera/plasmaan population at high risk for HCC, ex-
similar. Among Gambian subjects, pa-samples from European patients with eiposure to the carcinogen ARBand
tients with cirrhosis were markedlyther HCC or cirrhosis. chronic HBV infection. This “hotspot”
younger than patients with HCC but had a In multivariable analysis adjusting for mutation was detected in 36% of patients
similar sex ratio. Sixty-four percent of age, sex, recruitment site, and HBsAg stawith HCC (Table 2), with a much lower
Gambian patients with HCC, 54% oftus, patients with HCC were 16-fold moreprevalence in patients with cirrhosis and
Gambian patients with cirrhosis, and 17%ikely to carry the Ser-249 p53 mutationcontrol subjects. No such mutation was
of Gambian control subjects were chronifOR = 16.4; 95% Cl= 3.0-90.5) com- present in the plasma of 60 European pa-
carriers of HBV P<.001 for difference pared with control subjects (Table 2). Patients with HCC or cirrhosis.
between groups). As expected, the agtents with cirrhosis also had an increased Circulating plasma DNA can be re-
distribution of European patients withrisk compared with control subjects (ORtrieved and analyzed for genetic alter-
HCC or with cirrhosis was considerably = 3.2) but with a wide 95% CI that in- ations present in the original tumor. In
older, and the prevalence of HBV carriersluded unity (95% Ck 0.4-26.1). In this some studie16—18,20,21)yvarious ge-
was lower than that in The Gambia. Themodel, female gender was statisticallynetic alterations, such as loss of heterozy-
age difference between European patienggnificantly associated with Ser-249 p53yosity or K-ras mutations, have been
with cirrhosis and European patients withmutations, with an adjusted OR of 4.6identified in the plasma or sera and tumor
HCC and the sex ratios observed amon(P5% Cl = 1.3-16.4) compared with tissue from patients with cancer of the
European subjects were similar, althougimales. lung, head and neck, kidney, colon, and
less pronounced, compared with those ob- When the analysis among only patientpancreas. These observations and the ab-
served among Gambian subjects. with HCC was stratified by mutation sta-sence or rarity of alterations in control

A Ser-249 p53 mutation was present inus, no difference in Ser-249 p53 mutasubjects provide strong evidence that the
19 of 53 patients with HCC, two of 13 tion prevalence was observed by age aaltered DNA, circulating in the plasma or
patients with cirrhosis, and three of 53HBsAg status (Table 3). Females weresera of the patient, originates from the tu-
control subjects (Table 2), giving a preva-again overrepresented in the Ser-249 p53or. Although knowledge of the underly-
lence of 36%, 15%, and 6%, respectivelymutation-positive group; however, aftering mechanisms of this circulating DNA
(P<.001 for difference between groups)adjustment for age, recruitment site, ands still limited, there is some evidence that
In univariate analysis stratified by subjectHBsAg status, the strength of the associgdhe DNA is released from the tumor as a

REsuLTs

Table 1.Characteristics of study participants

Patients with

Characteristic Control subjects Patients with cirrhosis hepatocellular carcinoma
From the Gambia

Total subjects, No. 53 13 53

Median age, y (range) 47 (20-73) 35 (19-68) 46 (19-87)

No. of males (%) 43 (81) 11 (85) 43 (81)

No. of hepatitis B surface antigen-positive subjects (%) 9(17) 7 (54) 34 (64)
From Europe

Total subjects, No. 10 50

Median age, y (range) 51 (29-72) 62 (21-85)

No. of males (%) 8 (80) 35 (70)

No. of hepatitis B surface antigen-positive subjects (%) 3(30) 21 (42)

Table 2. Prevalence and adjusted odds ratios (ORs) for Ser-249 p53 mutations in plasma DNA by subject groups from The Gambia*

Patients with

Control subjectst Patients with cirrhosis hepatocellular carcinoma
No. of subjects 53 13 53
No. of Ser-249 p53 mutation-positive subjects (%) 3(6) 2 (15) 19 (36)
OR (95% confidence interval)t 1.0 (referent) 3.2(0.4-26.1) 16.4 (3.0-90.5)

*All sera/plasma samples from European subjects (10 cirrhotic patients and 50 patients with hepatocellular carcinoma) were negative for3SarH24i®m5
tControl subjects were used as the referent group. Estimated ORs and 95% confidence intervals were adjusted for age, sex, recruitment siteBasutfaepat
antigen status.
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Table 3.Comparison of Gambian patients with hepatocellular carcinoma who are negative or positivedigfiduals who could benefit from more

the Ser-249 p53 mutation in plasma DNA intensive evaluation that could detect
Ser-249 p53 mutation HCC earlier.
There is substantial evidence that the
Negative Posiive  Ser-249 p53 mutation present in HCC is
No. of subjects 34 19 directly attributable to DNA damage in-
%er?]i;r;*age,y(range) 4311-?9(12)3—87) 124(% 59—80Huced by exposure to dietary AREB
No. of hepatitis B surface antigen-positive subjects (%) 23 (68) 11 (58) (6,30).This proposal is based on the fol-

lowing observationsdee (7). 1) AFB; is
*Two-sided P<.05. Other two-sided® values for comparisons between group were not statistically sigighly m_Utag_emC and carcinoger(®); 2)
nificant. In a model adjusting for age and hepatitis B surface antigen status, the sex difference betd®A lesions induced by AFBat guanine
mutation-positive and mutation-negative case patients with hepatocellular carcinoma was of bordedisfdues in double-stranded DNA are by
statistical significance (two-sidefd = .053). no means random and are dependent on
flanking nucleotide sequencé3l,32);3)

glyconucleoprotein complex that maylimited data available in The Gambia onduanine-to-thymine transversion is the
protect it from degradation by nucleasesthe Ser-249 p53 mutation in HCC tumorddrevalent base change in mutations in-
It remains unclear whether release of tuare consistent with these findings (dat&luced by AFB (33,34);4) the AFB, me-
mor DNA into plasma is associated withnot shown). Thus, we estimate thatabolite binds specifically to the third
tumor necrosis, apoptotic cell death, oaround 70% of patients with HCC whonucleotide (AGG) in codon 249,35);
other selective cellular procesg@2—24). have a detectable Ser-249 p53 mutation iind 5) the Ser-249 p53 mutation is pres-
Despite these uncertainties, the dattheir tumor might also have detectableent in nontumorous tissues in patients
that we present on Ser-249 p53 mutationamounts of mutated DNA in their plasmafrom populations at high risk for HCC
are consistent with the premise that Detection of the Ser-249 p53 mutation(29). One recent articlg36) that ques-
plasma or serum may be used as a souraecirculating DNA depends on the ability tioned the association between Ser-249
of tumor-specific DNA. In addition, the of the method used to detect mutant DNAp53 mutations and exposure to AF®as
data show that this mutation is present iin a background of wild-type p53 DNA, based on a highly selective literature re-
the plasma DNA of patients with HCC which is estimated at 1:64 in the presentiew [see (6,7) and data from ain vitro
from a country with high exposure tostudy, based on serial dilution experi-system that does not mimic tha vivo
AFB, but not from Europe. Among ments. Preliminary results from the potenselective advantage of cells containing
10385 p53 mutations described in humatially more sensitive mass spectrometryhis specific mutation dee (7). At the
cancers and compiled in the IARC p53analysis(27,28) of PCR products ob- same time, the Ser-249 p53 mutation has
mutation database (http://www.iarc.fr/tained with different primers also demon-been reported in cultured human cells
p53/) (25), a total of 197 are Ser-249 p53strated the presence of Ser-249 p53 mureated with oxygen radical87).
mutation, 130 (66%) of which occur intation in plasma samples from The Among patients with HCC, we did not
patients with HCC originating from re- Gambia (Friesen M: personal communi-observe any differences in chronic infec-
gions with a high incidence of HCC andcation). By increasing the sensitivity oftion with HBV (based on HBsAg status)
high exposure to AFB Twenty-five per- this method, DNA with a Ser-249 p53between those patients with HCC who
cent of the Ser-249 p53 mutations werenutation may be detected in more indiwere positive for the Ser-249 p53 muta-
from lung cancers. The presence of thigiduals. tion in plasma DNA and patients with
mutation in patients with HCC who are It is interesting that, in this study, Ser-HCC who were negative for this mutation
from Europe, the United States, Japar49 p53 mutations were detected not onlyTable 3). Therefore, the highly statisti-
and Australia is extremely low; only threein patients with HCC but also in patientscally significant increased risk of HCC
mutations (one in Europe and two in Jawith cirrhosis (15%) and a small propor-associated with Ser-249 p53 mutations in
pan) were identified among 664 patientgion of control subjects (6%). The Ser-24%lasma DNA may be, at least in The
with HCC analyzed6). These data pro- p53 mutation has been reported previGambia, independent of the effects of
vide strong, albeit indirect, evidence thabusly in nonmalignant liver tissue at fre-chronic HBV infection. Geographic and
the DNA containing the Ser-249 p53 mu-quencies that paralleled the levels of execologic studies of HCC have been lim-
tation originates from the liver. In mostposure to AFB, suggesting that this ited by the fact that regions with a high
developing countries, autopsies or biopmutation could be an early genetic evenincidence of HCC frequently have a
sies for HCC are rarely performed; like-in hepatocarcinogenesi®9). Detection population that is simultaneously exposed
wise, in this study, we did not have accessf the Ser-249 p53 mutation in DNA mayto AFB; and HBV. Other studies have
to tumor tissue from the patients who dothus be useful as a marker of neoplastibeen limited by the short period of expo-
nated the plasma samples. This is an indevelopment. Alternatively, the presenceure reflected by urinary or serum afla-
portant limitation of the present study.of the mutation in healthy subjects maytoxin biomarkers. Because of this com-
Collection of paired tumor and plasmareflect chronic exposure to high levels ofplexity, there are at present limited
samples for confirmation of concordantAFB,. The Ser-249 p53 mutation inepidemiologic data to permit an estima-
mutation status is under way in The Gamplasma DNA could be a marker of diseas¢éion of the cancer risk attributable to
bia. In neighboring Senegal, the prevafan early neoplastic effect), exposure (AFB, exposure that is independent of
lence of Ser-249 p53 mutations was rebiologic effect of aflatoxin exposure), or HBV infection and the risk attributable to
ported to be approximately 67% in aboth. Consequently, detection of this muan interaction between these two factors
series of 15 patients with HC(@26). The tation may perhaps identify high-risk in-(38). A recent prospective study of Chi-
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nese HBV carriers showed a threefold in-(2) International Agency for Research on Cance(18) Wong IH, Lo YM, Zhang J, Liew CT, Ng MH,

creased risk for HCC among individuals (IARC). Hepatitis viruses. Lyon (France): Wong N, et al. Detection of aberrant p16 meth-
with detectable aflatoxin levels. as deter- IARC Monogr Eval Carcinog Risks Hum, vol ylation in the plasma and serum of liver pa-
’ 59; 1994. tients. Cancer Res 1999;59:71-3.

mined by urinary b_lomarker measure- (3) International Agency for Research on Cance(19) Lehman TA, Bennett WP, Metcalf RA, Welsh
me.nts on pooled urine sample39,40).. (IARC). Some naturally occurring substances: JA, Ecker J, Modali RV, et al. p53 mutations,
This observed effect of aflatoxin with food items and constituents, heterocyclic aro-  ras mutations and p53-heat 70 shock protein
HBV is similar to the independent effect  matic amines and mycotoxins. Lyon (France):  complexes in human lung cell lines. Cancer

but notably less than the multiplicative in-  IARC Monogr Eval Carcinog Risks Hum, vol Res 1991;51:4090-6.
teraction associated with aflatoxin bio- 56; 1993. p. 245-395. (20) Goessl C, Heicappell R, Munker R, Anker P,
markers observed in the original Chinese(®) Ross RK, Yuan JM, Yu MC, Wogan GN, Qian Stroun M, Krause H, et al. Microsatellite
studies by Ross and colleagu(ael; 5) GS, Tu JT, et al. Urinary aflatoxin biomarkers analysis of plasma DNA from patients with
; : : o d risk of hepatocellular carcinoma. Lancet clear cell renal carcinoma. Cancer Res 1998;
Likewi r re consistent with an " '
ewise, our data are consistent with a 1992;339:943-6. 58:4728-32.

independent causal association betweetzls) Qian GS, Ross RK, Yu MC, Yuan JM, Gao (21) Esteller M, Sanchez-Cespedes M, Rosell R,
AFB; exposure, HBV carrier status, and YT, Henderson BE, et al. A follow-up study of Sidransky D, Baylin SB, Herman JG. Detec-
the subsequent risk of HCC. The use of  urinary markers of aflatoxin exposure and liver  tion of aberrant promoter hypermethylation of
the Ser-249 p53 mutation detection in  cancer risk in Shanghai, People’s Republic of  tumor suppressor genes in serum DNA from
plasma or serum DNA as a marker of af-  China. Cancer Epidemiol Biomarkers Prev non-small cell lung cancer patients. Cancer Res
latoxin exposure, along with serologic = 1994;3:3-10. _ 1999;59:67-70. o .
markers of HBV status, may provide a (6) Montesar?o R, Hainaut P, Wild CP..HepatoceI(ZZ) Stroun M, An.ker P, Beljanski M, Henri J,
better estimation of the risk attributable to lular carcinoma: from gene to public health. J !_ederrey C, Ojhan _M, et al. Presence of RNA

. Natl Cancer Inst 1997;89:1844-51. in the nucleoprotein complex spontaneously
the_se.agents-and_ a better understanding sz7) Hussain SP, Harris CC. Molecular epidemiol- released by human lymphocytes and frog
their 'nteracnon in cance_r develop.ment. ogy of human cancer: contribution of mutation auricles in culture. Cancer Res 1978;38:
Such studies will have a direct bearing on  spectra studies of tumor suppressor genes.  3546-54.

evaluating the effect of HBV vaccination Cancer Res 1998;58:4023-37. (23) Anker P, Lefort F, Vasioukhin V, Lyautey J,

in preventing HCC presently under way (8) Hainaut P, Hollstein M. p53 and human can- Lederrey C, Chen XQ, et al. K-ras mutations

in The Gambia41). cer: the first ten thousand mutations. Adv Can- are found in DNA extracted from the plasma of
Despite the 4:1 preponderance of  cer Res 2000;77:81-137. patients with colorectal cancer. Gastroenterol-

; ; (9) Hsu IC, Metcalf RA, Sun T, Welsh JA, Wang ogy 1997;112:1114-20.
males amqng patients W!th HCC, females NJ, Harris CC. Mutational hotspot in the p53(24) Stroun M, Anker P, Lyautey J, Lederrey C,
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